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FOREWORD

'Certain studies of bluod samples drawn from lazge numbers of airmen,
are hampered by the lack of rapid and cfficicnt means of obtaining
quantitative ca‘a on red cells. widely used optical techniques are
slow and aght with opportunities for error,  This report presents infor-
mation concerning a new technique for calibrating electronic sizing
instruments, These instruments measure cell volume spectra with a greater

~ degree of accuracy and speed than conventional techniques. _
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CALIBRATION OF AN ELECTRONIC COUNTER
AND PULSE HEIGHT ANALYZER
FOR PLOTTING ERYTHROCYTE VOLUME SPECTRA

JESS M. McKENZIR, PIL D.
P. R FOWLER, M. 8.
P.J. LYNE, M. T. (ASCT)

The dcveloiment of clectronic Instruments
for counting blood cells with unprecedented
accuracy (1) has revived Interest In this hema.
tological varlable, not only for clinical studies,
but also in other research areas requiring the
most exact measurements, A recent study (2)
has indicated that electronic instruments of
certain design can be calibrated to yiekd cell
:?lm::lo d:ltf‘f accurate enough for the de!!:ct!on
su ifterences In erythrocyte populations,
However, the employment of expensive pulse-
height analyzing szstcms and computing equip-
ment (3) for calibrating the instrument scema
to place such research outside the ('f:ope of the
0r£uuy laboratory, Tho recent development
of a research model countér with a companion
pulse height analyzer makes available a system
which can be casily calibrated. The principles
employed are’ slmﬁlo (3, 4), but nv detailed
descriptions or evaluatipns of calibration tech-
niques have appeared in the literattre, This
report offers a technique for calibration and
considers the limiting factors for obtaining pre-
cise calibeation. '

’

METHODS

The system used in these studics was a
Coulter Counter Model B with ity companion
Pasticle Size Distribition Plotter.® This sys.

* Coulter Electronics Co., Hisleah, Forida,

tens has been described by Brecher, ¢t al (4).
The same apertur~ tube was used throughout
the experiment; its opening measured approsi-
mately 100 s in diameter by 75 4 in length.
Forty to 30 ml. of venous or heart blcod
wero withdrawn through 20 gauge needles into
siliconized syringes and immediately mixed In
a plastic centrifuge tube with 0.2 m1, of sodium
heparin solution. This mixture constituted the
“sample,” and portions of it were used for the
measurment of Evans blue hematocrits, centri-
fugo hematocrits, erythrocyte counts, and for
the recording of erythrocyte volume spectra,

Emﬂ:n,ﬂm

The method nsed was essentially that of
Shohl and Hunter (5). Threo 5.0 ml, portions
of the sample were drawn into volumetric
pipets (calibested “to contain®) and transferred
to plastic centrifuge tubes containing 1.0 ml.
of a solution 6f Evans blue dye in 0.95 NaCl.
After thorough mixing, each 5.0 wl, transfor
pipet was rinsed in the dye-blood mixture, and
l.’ng:i a second mi.linwg the h:bcu&:e;e centr-
uged at approximately 2500 x 13 minutes
at 20°C. Another of the sample was
also centrifuged and the plasma was transferred
with calibrated 20, 30, and 50 ml. pipets
into 1.0 ml. portions of the dye sohuition, The
plasma-dye mixtures obtained from whole blood
and those obtained from known quantities of
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plasma were_placed in matched quartz envets
and their optical densities measured in a Beck-
man model DU spectrophotometer at 600 my
(slit width = 0.073 mm.). In the-dye-canten-.
trations employed, adherence to Beer's faw was
demonstrated. '

The optical density determined In the plasma
standards was plotted so that the 5:1 ml. of
plasma:dye mixture represented 0 ml, of cells
and the 3:1 and 2:1 ml. mixtures 2 and 3 ml.
of cells, respectively. The values for the mean
optical density of the three plasma-dye mix-

tures obtained from the whole blood were then

superim on the established calibration
line, us, the total erythrocyte volume con-
tained in 5 m1l. of the sample was dctermined.
The Evans blue hematocrit amounted to 100/3
of the value obtained.

RISA Hematocrit

In one experiment the Evans blue hematocrit
technique was evaluated by mixing postions of
identical vhole blood cr plasma samples with
the dye and with 1 dilution of radio-lodinated
human serum albumin (RISA).' Sixty milli-
liters of venous blood were withdrawn from a
fasted human subject and mixed immediately
with 0.4 ml. of heparin solution, The Evans
blue technique was performed on two 5.0 ml.
portions of :&h blood, and three portions of 3.0
ml. each wero taken at the same time to be
thoroughly mixed with 100 microliters (A) each
of RISA solution {approximately 2.4 pe/ml. )},
Plasma samples of 1.0 and 3.0 ml. were also
mixed with 100 A of the RISA solution, After
centrifuging the blood-RISA and blood-dye mix.
tures, the dye concentrationsi wero measured
as usual and 500 A postions of the RISA-plasma
samples were countey for two minutes each in

. & scintillation counter with two facing thallium4

activated Nal crystals (each 4 inches in diam-
eter by 3 inches thick), }

The calculationy for RISA tocrit were
based on the relative concenjrations of 1'-
albumin in the plasma and whole blood samples,

| Abbot Laborstories, Oak Nidge, Tennevaw |

* Propressive Laboratory Spechlien Corp, Jamaka 13,
New York. .

** Chiclige Swigical and  Electrical Cumpnn).'. Chicage,
Itimois.

* Coming Glass Works, Coming, New York
** Fliher Scientilic Compeny, New York 14, New York,

Centrifuge Hematocrit

Small portlons of cach sample were taken
lato-heparin-coated capillary tngu‘ and centri-
firged-for four minutes on a hematocrit “Elce-
trofuge.*® The hematocrits were read directly
from theso tubes with an Intemational Micro-
Capillary Reader, Model CR,

Recording of Erythroryle Volume Sp?_clra

Precision grade micro pipets® and a Machieit-
type auto pipet (250 ml)*" were uwsed to
make all dlﬁluons: Fifty A of the sample were
mixed with 25.0 ml, of a filtered 0.9% NaCl
solution; 250 A of this dilution were then mixed
with another 25.0 ml. of the NaCl sclution.
This final dilution of 1:50,000 was used for the
recording of volume spectra and for the cell
counting procedure. Three determinations were
made of cach sample, _

The 1:50,000 dilution, In a glass vial of appro-
priate size, was quickly placed under the aper-
ture tube of the counting assembly and a
volume distribution spectrum was obtained: the
plotter mechanim was engaged, the manometer
stopcock was opened, and the “start” and
“record” switches were actuated. Proviowsly,
blood samples from various species of interest
had been studied to determine the optimal set-
tings for amplification, aperture current, and
plotter scalo factor.

The aperture current gain control was set on
30, (Care must be taken that the gain control
setting ls racorded and that this setting ls not
changed during and after calibration]) Becavse
of shifts in volume spectra which occurred at
about 10 minutes following the second dilution,
recordings were always made within three min-
utes after dilution.

2
By

. EM. Counte

After the volume spectrum had been re-
corded, the same dilution was used to obtain
the crythrocyte count, Examination of the vol.
ume spectrum revealed a suitable counting
threshold, 1, e, a “lower threshold™ setting mid-
way between the lowest channel which is free
from nolse and the first channel which shows

-9 -
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a pen excursion greater than the background
(See Fig. 1).

The “upper threshold™ setting was completely
locked out and the
count was then recorded In the usyal manner:
the manometer stopcock was opened, the reset
switch was sapped in gither direction, and
the manometer cock The first three
digits of the count were recorded and corrected
:grm colnc%:m by relerring to a statistical

* counting’ procedure was per
formed on cach dilution and the medn of !be
three counts was obtained. ./

Calculations

Per Cent of Total Count o

In order %0 project volume spectra on a com-
parable scale %\oy were plotted as per cent of
total cell count (nbow threshokl) vs cell

'Cwlmﬂoctmh(h.llhlnb.mkh

plotter was disengaged. A -

volume at channel mid-point (4). The former |
was calculated for each channel:

(A) U;

% Total Cr. » ‘Bl

(T

\When U, is the number of units of pen
cursion for nﬁfgiven (i*) channel; and

25
2 C" U"
/T

is the sum of all unity in all channels from the
threshokd setting (T) through Channel No, 23,
~incInding the i* channel,

-3
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Mean Corzpuscular Volume (MCV):

 Het
ey
(B MCVE—5

x 10'; e.g

50
510

X 10" = 100 p*feell

When Hct Is the hematos it in Vol. % and Ct
is the erythrocyte count per :am',

Mean Channel (E):
- /e25 /=295
(C) C» ZC,;U;/ ZV;
/=T /eT
/=295
EU"

When /=T Is the product of the channel
number and the units of on deflection for any
given (i*) channel and the denominator is the
same denominator used in oquation (A).

Volume Callbration Factor (a):
%

1 a
(D) ' a= -':%1 = u*/channel
ic ,

Using the raw dats from the plotier (Fig. 1)
{and) the hematocrit and the ery o count
a 1olume calibration factor (a)1s calculated.
This factor may be used to express any channel
number in volumetric dimensions,

For cxample, once a is obtained for given
sottings of aperture current and amplifications
it may Yo used to obtain the MCV of an un-
known sample by employing the formula

(E) " MCV=aC

When volume spectra are graphically pro-
jected it 1s advantageous to cunsider the cells
recorded in a given channel as having a volume
corresponding to the channel mid-point {4). -

The channel mid-point is derived by subtract.
ing 0.5 from the channel number; e.g. channel
number 1 {s considered to be channel number
0.3, number 2 is then 1.3, etc.

Hence, the mean corpuscular volume at mid-
channel will be

(F) (a) (TT-0.5) = MCV at mid-channel

RESULTS

Hematocrits — Replication of the Evans blue
method for estimation of hematocrits gave
satisfactory resylts; the coefficient of variation

ranged from 2.2 to 12.8% (Table I-D). The

samples cxhibited little hemolysis or lipid tur-
bidity, There was a slight tendency for centri-
fuge hematocrits to be lower than. those
obtained with the dye technique, but there was
no cvidence of a statistically significant dif-
ference (Table I11-A), In a single experiment
{Man-3) the RISA hematocrit of 47.3% com-
pared favorably with the dye hematocrit of
48.0%.

Erythrocyte Couwnts are summarized in
Tahle I-A. These results were typical for those
obtained with the electronic counter {1); the
pooled standard error of the measurement was
only = 44,000 counts and the coefficient of

 variatich ranged between 0.5 and 4.5%
_ MCV<Tabla III.B presents the mean cor-

puscular volumes as calculated from the eloc-
tronic counts and the centrifuge and dye
hematocrits, No statistically significant dil-

‘ference was found.

Volume Spectra and Volume Celibration
Factors — In Fig. 2 volume spectra are plotted
as per cent of total count vs, channel. Volume
spectra were obtained from triplicate samples
at two aperture currents (1/.707 and 1/.3);
thus, the mean channels as expressed in
Table 1-B and L.C represent the average of

—d -
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TABLE 1

SUMMARY OF RESULTS OF THREE REPLICATIONS

A
Species® M-1 M2
X 528 456
sD. 003 009
CV.(3) 048 191
1B
Species® M.1
X 124
sD, 012
CV. (%) 09
IC
Species®  Cl
X 10.23
sD, 0208
CV.(3) 24
T
Species® M-l
X Q9
sD. 13
cV.) 29

OF MEASUREMENTS ON VARIOUS SPECIES

Range for
All Species
Erythrocyte Counts % 10’ per mm’ .
M3 R1 R2 C1 C2 C3 C4 —
551 477 440 838 404 805 889  —
024 004 004 017 008 005 005  —
451 074 080 204 153 082 060 05-45
M c:mmx(b')cunm= 1
e " o707
M2 M3 R-1 R-2 —
138 128 9.6 9.1 —
0.61 0.12 048 008 —
45 09 48 08 08-48

HmCW(E)CW‘—!—

030
[oX. c4 cC3 Re M3 —
100 1098 1088 M 1700 —
6231 14811 013 o7t 0T —
23 o 1.4_1@;_ 43 20-110
Hematocrit (Per Cont) — Dyg Mothod -
M3 RI . Cl ., C8 c4 —
S0 338 203 288 &80 —
10 - | 12 50 1 20 -
22 34 128 81 47 22.1%8

’MaMmll:nI!abbmc:ulgx-m!n.:ﬂnndu&mmc.v.:mﬁm

-5~



TABLE Ii

SUMMARY OF THE THREE ESTIMATES OF 4
FROM THE APPROPRIATE THREE REPLICATIONS OF
ERYTHROCYTE COUNT, MEAN CHANNEL, AND DYE-HEMATOCRIT

Range for
All Species
1 _
| CURRENT 6_7:07
Species® M. Rl R-2 M2 M3 —
X 8.70 7.31 717 7.27. 71.08 —
SD, 0.27 0.49 0.14 034 0.37 -—_
CV.(%) 4.00 6.74 0.20 4.72 323 02-67
. 1
CURRENT 050
Specles® Gl R-2 c2 c4 M3 c3  —
X 457 L3 5.99 4.40 . 527 413 —
sD, 0.44 0.06 ns7 0.61 0.38 0.06 —_—

CV.(3) 88 1 M4 1392 68 1SS L1.145
, M = Maay R:W;Canl;X:Msb.=w'lﬂhlbwc.v.=mﬂkbﬁ

variation,
TABLE lI-A
COMPARISON OF TECHNIQUES FOR
ESTIMATION OF HEMATOCRIT
Subject RISA Het. A B. Diff = B-A

, Cenirif, Het. Dye Het.

; i’ (Mean of two) (Mean of three)
Dog ', | 523 . %0 +8.7
M1 a5 440 -33
M3 43 450 -03
o M3 73 458 - 480° +23
R1 PR 1. F33 4 - +0.9
R4 4 305 . ' 30.8 +0.1
C-1 350 380 +30
ca 178 - 8%0 +74
c3 . 380 ¢ -28
C4 | . 423 © 4o +17

v d= ¥153

t-..-.....................‘l.w;p>0.lo
M = man; R = rabbit; C = cat
*Moan of two
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TABLE 111 — B

-C(.).\H’AHIISON OF ESTIMATES OF MEAN
CORPUSCULAR VOLUME

A B

MCV fromn MCYV from
Subject Centrif, Hct. Dye lct. Diff = 9-A
Dog 75.8 83.5 +9.7
M1 00.3 : 83.7 -6.6
M-2 903 08.7 -0.8
M3 871 91.5 ' +4.4
R-1 68.1 700 +1.9
R-2 7 69.3 09.5 +0.2
C1 418° 453 +3.5
C-2 44.0 ' 617 +17.7
C3a 473 43.8 =35
C4 48.7 50.6 +1.9

d=+29
*(paired control experiment, df = 9) = 1.323; p > 0.10

ORISR e EaEapaEaEnt

v CELL VOLUME {u®) AT CHANNEL MIDPOINT

Froune 8. Volume spectrum taken from o mnrr of rat bloud o’m Fig. 1 and equations un
: r-p 4) cell columes at channel mid-point and 8 of total count were calonlated
Tom the raw data givea in Fig, 1.

L —— | s,
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triplicate measurements, The range of coelfi-
clents of variation was greater when the higher
current was used, and in general there was less
reproducibility with the higher current, Con.
sistent with these results, the estimation of the
volume calibration factor (a) was more repro-
~ ducible at the lower current ( Table II),

DISCUSSION

The resulis of this study indicate that eryth-
rocytes may be counted by eiectronic. means
with an impressive reproducibility. The eryth-
rocyte counts presented in Table I-A indicate
that populations as small as 4.04 X 10* cells/mm*
and as large as 8.69 X 10’ cells/mm® may be
estimated within a reasonable error of measure-
ment,

One might suspect that the limiting factor
in estimating the volume calibration factor (a)
{s the measurement of hematocrit, Examination
of the cocfficients of variation suggests that the
mean channel determinations at the higher
current may introduce almost as much error
as the hematocrit (Tables I.C and I-D). This
is consistent with the report of Brecher, et al,
(4) that high aperture currents may alter the
size of mammalian erythrocytes; the coefficients
of varidtion obtained when a was calculated
from the cell count, dye hematoerit, and €
support this statement,

The characteristics of the size distribution
plotter used in these experiments require that
the pulse heights fali within a certain voltage
range for proper analysis, [t is not necessary,

» to use higher apprture currents in
order to satisfy this criterioni As a rule, changes
in pulse height ‘amplification serve to bring
the pulse patteny within the range of the
plotter; too high an amplification (e.g. 1/ % or
1 , however, may result in an excess of
electronic noise (4), A good balance between
amplification and aperture clrrent intensity
fs best obtained by trials withi the erythrocytes
to be used in a particular cxperiment.

Ponder (8) stated that tho Evans blue dye
method for hematocrit estimations Is almost

»

4. Brecher, G,

ideal in the sense that the dye is neither ad-
sorbed to the erythrocyte surface nor taken
into the cell. I one experiment the Evans
blue hematocrit of 48.0% agreed more clowly
with a RISA hematocrit of 47.3¢ than the esti-
mation obtained by centrifugation (43.8%), The
latter technique, however, yields estimates of
the mean erythrocyte volume which compare
satisfactorily to those obtained by the more
elegant dye technique (Table 11).

The calibration factors obtained in these
experiments have been used for two months in
our laboratories for the plotting of erythrocyte
volumes iIn rats and we Eave observed no drift
in the spectra obtained from control animals,

SUMMARY

A simple technique is presented 0. calibrat-
ing an clectronic system used in the plotting
of erythrocyte volume spectra. The calibration
factors, once obtained, apparently remain ap-
plicable for some time, Precise estimates of
calibration factors appear to be limited by
crrors in meawring hematocrit and/or mean
channel, For consistent determination of the
latter, the selection of a sufficiehtly low aper-
ture current appears to he of importance,
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